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 Under the Calderon-Sher California Safe Drinking Water Act of 1996, the Office of 
Environmental Health Hazard Assessment (OEHHA) develops public health goals (PHGs) for 
regulated chemicals in drinking water and reviews and updates the risk assessments every five 
years (Health and Safety Code Section 116365(e)(1).  This memorandum represents an update of 
the literature review and evaluation for the existing PHG for lindane (OEHHA, 1999).  No 
information specific to children or other sensitive populations was observed in the literature 
review.  Our re-evaluation supports the previous PHG derivation in 1999, and no new data would 
justify a significant change to the document.   
 
Summary of review 

 We have surveyed the scientific literature for recently published lindane research studies to 
determine if there may be available studies that would have some impact on the existing non-
carcinogenic and carcinogenic PHG calculations (See Appendix 1 for complete list of articles 
reviewed).  No relevant new studies were found that might affect the PHG value calculated in 
1999 or would give significant added value to the PHG review document. 
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 In the previous PHG document (OEHHA, 1999), the most appropriate study of sufficient 
quality used to calculate the carcinogenic PHG value was the study of Thorpe and Walker 
(1973).  This study was used as the basis of the risk specific intake level of 0.7 µg/day and a 
potency of 1.1 (mg/kg-day)-1, and remains the study of choice for the current reassessment.  The 
cancer potency was determined using the linear multistage model for carcinogenicity and the 
potency estimate was converted to a human equivalent using a body weight to two-thirds (2/3) 
power scaling.  If we were to revise the PHG document, we would redo the cancer potency slope 
estimate using a body weight to three-fourths (¾) power scaling, for consistency with our present 
practices.  This would increase the PHG value somewhat (from 0.032 to 0.06 ppb).  
 
 However, when the California Department of Health Services (DHS) reviewed the 1999 
PHG for lindane, they maintained the Maximum Contaminant Level (MCL) for lindane in 
drinking water at 0.2 ppb.  DHS determined that the MCL for lindane should not be decreased to 
more closely approximate the PHG because the PHG level is below the Detection Limit for the 
Purpose of Reporting (DLR), currently 0.2 ppb (DHS, 2005b).  Thus a recalculation of the PHG 
value would have no regulatory significance, and a reopening and revision of the document for 
this non-productive result was judged to be unnecessary.  The PHG value is therefore reaffirmed 
at 0.032 ppb.  The federal MCL is the same as the state MCL, at 0.2 ppb, and the federal 
Maximum Contaminant Level Goal is also 0.2 ppb (U.S. EPA, 2005).   
 
References  
 
DHS (2004a).  MCLs, DLRs and PHGs for regulated drinking water contaminants.  California 
Department of Health Services, Sacramento, CA.  Accessed at: 
http://www.dhs.ca.gov/ps/ddwem/chemicals/phgs/chemicalinformation.htm 
 
DHS (2004b).  Status of MCL reviews in response to PHGs. March 2004 update. California 
Department of Health Services, Sacramento, CA.  Accessed at: 
http://www.dhs.ca.gov/ps/ddwem/chemicals/PHGs/reviewstatus.htm 
 
OEHHA (1999).  Public Health Goal for lindane in drinking water.  Office of Environmental 
Health Hazard Assessment, Berkeley and Sacramento, CA.  Accessible at 
http://www.oehha.ca.gov/water/phg/index.html. 
 
Thorpe E, Walker AIT (1973).  The toxicology of dieldrin (HEOD). II.  Comparative long-term 
oral toxicity studies in mice with dieldrin, DDT, phenobarbitone, b-BHC and c-BHC.  Food 
Cosmet Toxicol 11:433-442. 
 
U.S. EPA (2005).  List of drinking water contaminants and MCLs.  Office of Water, U.S. 
Environmental Protection Agency, Washington, DC.  Accessed at: 
http://www.epa.gov/safewater/organic. 



Val F. Siebal 
June 2, 2005 
Page 3 

Appendix 1 – References reviewed (1999 to March 2005) 
 

Ataniyazova OA, Baumann RA, Liem AK, Mukhopadhyay UA, Vogelaar EF, Boersma ER 
(2001).  Levels of certain metals, organochlorine pesticides and dioxins in cord blood, maternal 
blood, human milk and some commonly used nutrients in the surroundings of the Aral Sea 
(Karakalpakstan, Republic of Uzbekistan).  Acta Paediatr 90(7):801-8. 

Beard AP, Bartlewski PM, Chandolia RK, Honaramooz A, Rawlings NC (1999a).  Reproductive 
and endocrine function in rams exposed to the organochlorine pesticides lindane and 
pentachlorophenol from conception. J Reprod Fertil 115(2):303-14. 

Beard AP, Bartlewski PM, Rawlings NC (1999b).  Endocrine and reproductive function in ewes 
exposed to the organochlorine pesticides lindane or pentachlorophenol. J Toxicol Environ Health 
A 56(1):23-46.  

Beard AP, Rawlings NC (1999).  Thyroid function and effects on reproduction in ewes exposed 
to the organochlorine pesticides lindane or pentachlorophenol (PCP) from conception. J Toxicol 
Environ Health A 58(8):509-30. 

Bhalla M, Thami GP (2004).  Reversible neurotoxicity after an overdose of topical lindane in an 
infant. Pediatr Dermatol 21(5):597-9. 

Botella B, Crespo J, Rivas A, Cerrillo I, Olea-Serrano MF, Olea N (2004).  Exposure of women 
to organochlorine pesticides in Southern Spain. Environ Res 96(1):34-40. 

Calle EE, Frumkin H, Henley SJ, Savitz DA, Thun MJ (2002).  Organochlorines and breast 
cancer risk. CA Cancer J Clin 52(5):301-9. 

Chitra KC, Sujatha R, Latchoumycandane C, Mathur PP (2001).  Effect of lindane on antioxidant 
enzymes in epididymis and epididymal sperm of adult rats. Asian J Androl 3(3):205-8. 

Corrigan FM, Wienburg CL, Shore RF, Daniel SE, Mann D (2000).  Organochlorine insecticides 
in substantia nigra in Parkinson's disease. J Toxicol Environ Health A 59(4):229-34. 

Defamie N, Mograbi B, Roger C, Cronier L, Malassine A, Brucker-Davis F, Fenichel P, 
Segretain D, Pointis G (2001). Disruption of gap junctional intercellular communication by 
lindane is associated with aberrant localization of connexin43 and zonula occludens-1 in 
42GPA9 Sertoli cells. Carcinogenesis 22(9):1537-42. 

Enrique MO, Morales V, Ngoumgna E, Prescilla R, Tan E, Hernandez E, Ramirez GB, Cifra HL, 
Manlapaz ML (2002).  Prevalence of fetal exposure to environmental toxins as determined by 
meconium analysis. Neurotoxicology 23(3):329-39. 

Fausto AM, Morera P, Margarit R, Taddei AR (2001).  Sperm quality and reproductive traits in 
male offspring of female rabbits exposed to lindane (gamma-HCH) during pregnancy and 
lactation. Reprod Nutr Dev 41(3):217-25. 



Val F. Siebal 
June 2, 2005 
Page 4 

Forrester MB, Sievert JS, Stanley SK (2004).  Epidemiology of lindane exposures for pediculosis 
reported to Poison Centers in Texas, 1998-2002. Toxicol Clin Toxicol 42(1):55-60. 

Foster W, Chan S, Platt L, Hughes C (2000).  Detection of endocrine disrupting chemicals in 
samples of second trimester human amniotic fluid. J Clin Endocrinol Metab 85(8):2954-7. 

Gerhard I, Daniel V, Link S, Monga B, Runnebaum B (1998).  Chlorinated hydrocarbons in 
women with repeated miscarriages. Environ Health Perspect 106(10):675-81. 

Gupta A, Agarwal R, Shukla GS (1999).  Functional impairment of blood-brain barrier following 
pesticide exposure during early development in rats. Hum Exp Toxicol 18(3):174-9.  

Hall RC, Hall RC (1999).  Long-term psychological and neurological complications of lindane 
poisoning. Psychosomatics 40(6):513-7. 

Heudorf U, Angerer J, Drexler H (2003).  Current internal exposure to pesticides in children and 
adolescents in Germany: blood plasma levels of pentachlorophenol (PCP), lindane (gamma-
HCH), and dichloro(diphenyl)ethylene (DDE), a biostable metabolite of 
dichloro(diphenyl)trichloroethane (DDT).  Int J Hyg Environ Health 206(6):485-91. 

Ibarluzea Jm J, Fernandez MF, Santa-Marina L, Olea-Serrano MF, Rivas AM, Aurrekoetxea JJ, 
Exposito J, Lorenzo M, Torne P, Villalobos M, Pedraza V, Sasco AJ, Olea N (2004).  Breast 
cancer risk and the combined effect of environmental estrogens.  Cancer Causes Control 
15(6):591-600. 

Junge B, Carrion Y, Bosco C, Galleano M, Puntarulo S, Tapia G, Videla LA (2001).  Effects of 
iron overload and lindane intoxication in relation to oxidative stress, Kupffer cell function, and 
liver injury in the rat. Toxicol Appl Pharmacol 170(1):23-8. 

Kalantzi OI, Hewitt R, Ford KJ, Cooper L, Alcock RE, Thomas GO, Morris JA, McMillan TJ, 
Jones KC, Martin FL (2004).  Low dose induction of micronuclei by lindane. Carcinogenesis 
25(4):613-22. 

Kalantzi OI, Hewitt R, Ford KJ, Cooper L, Alcock RE, Thomas GO, Morris JA, McMillan TJ, 
Jones KC, Martin FL (2004).  Low dose induction of micronuclei by lindane. Carcinogenesis 
25(4):613-22. 

Lee WJ, Cantor KP, Berzofsky JA, Zahm SH, Blair A (2004).  Non-Hodgkin's lymphoma among 
asthmatics exposed to pesticides. Int J Cancer 20;111(2):298-302. 

Lopez-Carrillo L, Lopez-Cervantes M, Torres-Sanchez L, Blair A, Cebrian ME, Garcia RM 
(2002). Serum levels of beta-hexachlorocyclohexane, hexachlorobenzene and polychlorinated 
biphenyls and breast cancer in Mexican women. Eur J Cancer Prev 11(2):129-35. 

Lueken A, Juhl-Strauss U, Krieger G, Witte I (2004).  Synergistic DNA damage by oxidative 
stress (induced by H2O2) and nongenotoxic environmental chemicals in human fibroblasts. 
Toxicol Lett 47(1):35-43. 



Val F. Siebal 
June 2, 2005 
Page 5 

Lueken A, Juhl-Strauss U, Krieger G, Witte I (2004).  Synergistic DNA damage by oxidative 
stress (induced by H2O2) and nongenotoxic environmental chemicals in human fibroblasts. 
Toxicol Lett. 147(1):35-43. 

McDuffie HH, Pahwa P, McLaughlin JR, Spinelli JJ, Fincham S, Dosman JA, Robson D, 
Skinnider LF, Choi NW (2001).  Non-Hodgkin's lymphoma and specific pesticide exposures in 
men: cross-Canada study of pesticides and health. Cancer Epidemiol Biomarkers Prev 
10(11):1155-63. 

Mills PK, Yang R (2003).  Prostate cancer risk in California farm workers. J Occup Environ Med 
45(3):249-58. 

Monsees TK, Franz M, Gebhardt S, Winterstein U, Schill WB, Hayatpour J (2000).  Sertoli cells 
as a target for reproductive hazards. Andrologia. 32(4-5):239-46. 

Muir K, Rattanamongkolgul S, Smallman-Raynor M, Thomas M, Downer S, Jenkinson C 
(2004).  Breast cancer incidence and its possible spatial association with pesticide application in 
two counties of England. Publ Health 118(7):513-20. 

Nordt SP, Chew G (2000).  Acute lindane poisoning in three children. J Emerg Med 18(1):51-3. 

Nyitrai G, Kekesi KA, Szilagyi N, Papp A, Juhasz G, Kardos J (2002).  Neurotoxicity of lindane 
and picrotoxin: neurochemical and electrophysiological correlates in the rat hippocampus in 
vivo. Neurochem Res 27(1-2):139-45. 

OEHHA (1999).  Public Health Goal for lindane in drinking water.  Office of Environmental 
Health Hazard Assessment, Berkeley and Sacramento, CA. Accessible at 
http://www.oehha.ca.gov/water/phg/index.html. 

Parmar D, Yadav S, Dayal M, Johri A, Dhawan A, Seth PK (2003). Effect of lindane on hepatic 
and brain cytochrome P450s and influence of P450 modulation in lindane induced neurotoxicity. 
Food Chem Toxicol 41(8):1077-87. 

Penza M, Bonetti E, Villa R, Ganzerla S, Bergonzi R, Biasiotto G, Caimi L, Apostoli P, Ciana P, 
Maggi A, Di Lorenzo D (2004).  Whole body action of xenoestrogens with different chemical 
structures in estrogen reporter male mice. Toxicology 205(1-2):65-73. 

Raizada RB, Srivastava MK, Kaushal RA, Singh RP, and Gupta KP (2001).  Subchronic oral 
toxicity of a combination of insecticide (HCH) and herbicide (ISP) in male rats.  J Appl Toxicol 
21(1):75-9. 

Raizada RB, Srivastava MK, Kaushal RA, Singh RP, Gupta KP (2001).  Subchronic oral toxicity 
of a combination of insecticide (HCH) and herbicide (ISP) in male rats. J Appl Toxicol 21(1):75-
9. 

Ronco AM, Valdes K, Marcus D, Llanos M (2001).  The mechanism for lindane-induced 
inhibition of steroidogenesis in cultured rat Leydig cells. Toxicology 159(1-2):99-106. 



Val F. Siebal 
June 2, 2005 
Page 6 

Sahoo A, Samanta L, Das A, Patra SK, Chainy GB (1999).  Hexachlorocyclohexane-induced 
behavioural and neurochemical changes in rat. J Appl Toxicol 19(1):13-8. 

Samanta L, Chainy GB (2002).  Response of testicular antioxidant enzymes to 
hexachlorocyclohexane is species specific. Asian J Androl 4(3):191-4. 

Samanta L, Roy A, Chainy GB (1999).  Changes in rat testicular antioxidant defence profile as a 
function of age and its impairment by hexachlorocyclohexane during critical stages of 
maturation. Andrologia 31(2):83-90. 

Samanta L, Sahoo A, Chainy GB (1999).  Age-related changes in rat testicular oxidative stress 
parameters by hexachlorocyclohexane. Arch Toxicol 73(2):96-107. 

Sauviat MP, Pages N (2002).  Cardiotoxicity of lindane, a gamma isomer of 
hexachlorocyclohexane. J Soc Biol 196(4):339-48. 

Scascitelli M, Pacchierotti F (2003).  Effects of lindane on oocyte maturation and 
preimplantation embryonic development in the mouse.  Reprod Toxicol 17(3):299-303. 

Schroeder JC, Olshan AF, Baric R, Dent GA, Weinberg CR, Yount B, Cerhan JR, Lynch CF, 
Schuman LM, Tolbert PE, Rothman N, Cantor KP, Blair A (2001).  Agricultural risk factors for 
t(14;18) subtypes of non-Hodgkin's lymphoma. Epidemiology 12(6):701-9. 

Silvestroni L, Palleschi S (1999).  Effects of organochlorine xenobiotics on human spermatozoa. 
Chemosphere 39(8):1249-52. 

Simon-Giavarotti KA, Giavarotti L, Gomes LF, Lima AF, Veridiano AM, Garcia EA, Mora OA, 
Fernandez V, Videla LA, Junqueira VB (2002).  Enhancement of lindane-induced liver oxidative 
stress and hepatotoxicity by thyroid hormone is reduced by gadolinium chloride. Free Radic Res 
36(10):1033-9. 

Srivastava MK, Raizada RB (2000).  A limited three-generation reproduction study on 
hexachlorocyclohexane (HCH) in rats.  Food Chem Toxicol 38(2-3):195-201. 

Sujatha R, Chitra KC, Latchoumycandane C, Mathur PP (2001).  Effect of lindane on testicular 
antioxidant system and steroidogenic enzymes in adult rats. Asian J Androl 3(2):135-8 

Suwalsky M, Villena F, Marcus D, Ronco AM (2000).  Plasma absorption and ultrastructural 
changes of rat testicular cells induced by lindane. Hum Exp Toxicol 19(9):529-33. 

Traina ME, Rescia M, Urbani E, Mantovani A, Macri C, Ricciardi C, Stazi AV, Fazzi P, Cordelli 
E, Eleuteri P, Leter G, Spano M (2003).  Long-lasting effects of lindane on mouse 
spermatogenesis induced by in utero exposure. Reprod Toxicol 17(1):25-35. 

Videla LA, Tapia G, Varela P, Cornejo P, Guerrero J, Israel Y, Fernandez V (2004).  Effects of 
acute gamma-hexachlorocyclohexane intoxication in relation to the redox regulation of nuclear 
factor-kappaB, cytokine gene expression, and liver injury in the rat.  Antioxid Redox Signal 
6(2):471-80. 



Val F. Siebal 
June 2, 2005 
Page 7 

Villa R, Bonetti E, Penza ML, Iacobello C, Bugari G, Bailo M, Parolini O, Apostoli P, Caimi L, 
Ciana P, Maggi A, Di Lorenzo D (2004).  Target-specific action of organochlorine compounds in 
reproductive and nonreproductive tissues of estrogen-reporter male mice. Toxicol Appl 
Pharmacol 201(2):137-48. 

Walsh LP, Stocco DM (2000).  Effects of lindane on steroidogenesis and steroidogenic acute 
regulatory protein expression.  Biol Reprod 63(4):1024-33. 


